Oleracein E and oleracein L are the major bioactive isoquinoline alkaloids in Portulaca oleracea. Here, the effects of these alkaloids on cell survival, the activity of superoxide dismutase, catalase, and glutathione peroxidase, factors associated with oxidative stress such as malondialdehyde and dityrosine, carbohydratehydrolyzing enzymes α-amylase and α-glucosidase, insulin secretion levels and glucose uptake ability were investigated. The β-TC-6 pancreatic cell line was incubated with oleracein E and L at concentrations of 0, 50, 100, 200 and 400 µM and tested separately. All biological assays were based on UV/Vis spectrophotometric and/or high performance liquid chromatography methods. Oleracein E and L at 100 μM concentrations increased antioxidant activity of enzymes. In addition, the total oxidative damage biomarkers ablated significantly in 50 and 100 μM concentrations, which could be due to the positive effect of antioxidant enzymes on biomarker level. Similar inhibition properties were shown by α-amylase and α-glucosidase and consequently, the investigated alkaloids could exhibit the high hypoglycemic effect. Furthermore, glucose uptake and insulin secretion were enhanced by these compounds. Hence, these alkaloids have considerable antioxidant and potential hypoglycemic effects on the pancreatic cell line and they could be suggested for future studies in the treatment of diabetes mellitus.
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Diabetes mellitus (DM) is a widespread and growing metabolic disorder distinguished by the lack of the body's ability to regulate glucose and insulin homeostasis [1] . Considering the increased risk of diabetic microvascular (retinopathy, nephropathy, and neuropathy) and macrovascular complications (heart attacks and strokes), now DM has become a serious public health problem [2] . Hence, studying DM-related mechanisms and development of new antidiabetic drugs is important. The secretion of insulin from beta cells of the pancreas plays a key role in all types of DM especially type one [3] . Among the common risk factors affecting the secretion of insulin, oxidative stress is regarded to be a determining aspect in the onset and promotion of DM. The mechanism by which oxidative stress disrupts insulin secretion is often complex and involves several cell signaling pathways [4] .
Malondialdehyde (MDA) is a side product of lipid peroxidation, it may be a stage of cellular damage and is known as an oxidative stress marker in cells and tissues [5] . Several vessel diseases are caused by lipid peroxidation [6, 7] . Protein oxidation forms dityrosine (DTY), which is created by various oxidative systems. In this respect, it has been introduced as a main biomarker for oxidatively modified proteins in response to stress caused by various factors ranging from UV and gamma-irradiation, aging, and exposure to oxygen free radicals [8] . Superoxide dismutase (SOD), catalase and glutathione peroxidase (GPx) play a key role in protection against free radicals [5] .
One of the treatment strategies in non-insulin-dependent DM is to delay the absorption of glucose by inhibition of sugar hydrolyzing enzymes, such as α-glucosidase and α-amylase, in the gastrointestinal tract [9] . Natural products as the inhibitors of carbohydrate-hydrolyzing enzymes and their hypoglycemic potential have been considered as a new treatment for DM [10] .
In the treatment of DM, medicinal plants are used in traditional medicines and in many cases they have fewer side effects compared to synthetic drugs [10, 11] . Furthermore, many existing drugs are derived from the herbs [11] . Purslane (Portulaca oleracea) plant is one of the most extensively used healthful plants listed within the World Health Organization [12] . The plant contains carbohydrates, sterols, lipids, alkaloids (including oleraceins), coumarins and flavonoids [13] [14] [15] .
Alkaloids can reportedly act differently in various concentrations. Some of the foremost vital effects of alkaloids include their antidiabetic, antioxidant and medicament activities [16, 17] . Purslane is a tropical herb and traditional Chinese medicine used as food for patients suffering from vessel diseases and furthermore, some pharmacological effects, including neuroprotective, antiproliferation, antiinflammatory, antihyperlipidemic, and antidiabetic properties have been described [18] [19] [20] [21] .
Oleracein E (OL-E) and oleracein L (OL-L) are the major bioactive isoquinoline derivatives in purslane and the examination of the antioxidant properties, oxidative stress level and antidiabetic indicators of these alkaloids at different concentrations on pancreatic beta cells are necessary [22, 23] . In this study, the effects of mentioned alkaloids of Portulaca oleracea were investigated using several assays in β-TC-6 pancreatic cell lines. Therefore, evaluation of cell survival, antioxidant enzyme activity (SOD, catalase, and GPx), lipid peroxidation (MDA and DTY assays), glucose uptake, insulin secretion levels, and α-amylase and α-glucosidase inhibitory activity of investigated isoquinolines at concentrations of 0, 50, 100, 200 and 400 µM were examined.
MATERIAL AND METHODS

Preparation β-TC-6 pancreatic cell line:
Mouse β-TC-6 pancreatic cell line was obtained from the Pasteur Research Institute (Tehran, Iran). β-Cells were grown in Dulbecco's modified Eagle medium (DMEM) and 10 % heat-inactivated fetal bovine serum (FBS), followed by the addition of 1 % penicillin and streptomycin antibiotics. The cultures were kept in a humid incubator at 37° in 5 % carbon dioxide and the growth medium was replaced with fresh medium every three days [24] . The other used reagents and OL-E and OL-L were bought from Sigma Chemical Co., St. Louis, MO, USA.
To prepare the lysates of mouse β-TC-6 cells attached to the culture plate were scraped off with a cell scraper and collected in a 1.5 ml tube by centrifugation. The cell pellets were rinsed with PBS, suspended in sterile water, and then lysed by sonication. The cells were seeded at 1×106 cells/ml and subcultured every two days after 60-80 % confluence was reached. For each experiment, the cells were treated separately with increasing concentrations of oleracein derivatives (0, 50, 100, 200 and 400 μM) and incubated for 24 h. The control wells received medium without isoquinoline derivatives. Also, each experiment was replicated three times.
Superoxide dismutase (SOD) activity assay:
The β-TC-6 cell culture medium was incubated with different concentrations of OL-E and OL-L independently for 24 h. Kono method was then used to measure the enzyme activity in the β-TC-6 cell line extract. In this technique, hydroxylamine, aqueous tetrazolium nitroblue (NBT) and 2 M sodium carbonate were poured into a tube, followed by the addition of the buffer, extract and 1.0 mM ethylenediaminetetraacetic acid (EDTA). The NBT absorption was measured at 560 nm compared to the aqueous NBT 4 mg/ml [25] .
Catalase activity assay:
The enzyme activity was measured at 240 nm on the basis of the hydrogen peroxide decomposition. The cell line (0.1 mg/ml of protein) was added to one ml of the reaction mixture containing 15 mM hydrogen peroxide, 50 mM monopotassium phosphate and 0.1 % Triton X-100 at pH 7.4. One unit of enzyme activity is defined as one mmol of hydrogen peroxide consumed per min per mg of protein [26] . The concentration of proteins was measured using the bicinchoninic acid protein assay kit (Sigma-Aldrich, St. Louis, MO), in which bovine serum albumin was used as a standard.
Glutathione peroxidase (GPx) activity assay:
In this method, cell line extract (0.1 mg/ml of GPx enzyme) was suspended at 30° in the reaction mixture containing 1 mmol of glutathione, 0.96 units/ml of GPx enzyme, 100 mmol of EDTA, 50 mmol of potassium phosphate (pH 7.4). 150 mmol of nicotinamide adenine dinucleotide phosphate (NADPH) and 1.2 mM of tert-butyl hydroperoxide were then added to this suspension. To start the reaction, 50 μl of H 2 O 2 substrate was added to the reaction mixture. Absorbance was measured at 340 nm. The extinction coefficient of 6.22 mM -1 cm -1 was used to determine the units of enzyme activity. One unit of GPx used 1 nmol NADPH consumed/min/ mg of protein [27] .
Malondialdehyde (MDA) level measurement:
A solution of trichloroacetic acid (TCA) and the extract of β-TC-6 cells lysate were mixed in a tube. The tube was then placed in an incubator for 15 min on a warm water bath, followed by the addition of thiobarbituric acid (TBA). In the Wills method, MDA and TBA were combined at 90-100° under acidic conditions and TBA reactive pink material formed. The absorbance against blank was then read at 532 nm [28] .
DTY level measurement:
DTY was detected by reversed-phase high-performance liquid chromatography and UV detector in 280 nm and combined with radiation fluorescence light. The extracts and TCA were combined in a tube. The gradient was 10 mM ammonium acetate, adjusted to pH 4.5 with acetic acid and methanol, starting with 1 % methanol and increasing to 10 % over a period of thirty minutes. The supernatant (100 μl) was loaded on to a Superdex 75 10/300 GL size exclusion column (GE Healthcare Life Science) at a flow rate of 0.8 ml/min. The DTY level was expressed as µM/g of the protein [29] .
α-Amylase activity assay:
About 500 μl of the sample, 500 μl of 0.02 M sodium phosphate buffer (pH 6.9 with 0.006 M sodium chloride) and 5 mg/ml α-amylase solutions were incubated at 25° for 10 min. α-amylase from Grampositive bacteria was obtained from Sigma Aldrich Chemical Co. (USA). About 500 μl of 1 % starch solution in 0.02 M sodium dihydrogen phosphate buffer (pH 6.9 with 0.006 M NaCl) was added to tubes. The mixture obtained was then incubated for 10 min at 25°. The reaction was stopped by adding 1 ml of dinitrosalicylic acid dye. Afterwards, the tubes were heated in boiling water for 5 min and then cooled to ambient temperature. In this method, acarbose was a positive control. The absorption was recorded at 450 nm using a multimode reader after the addition of 10 ml of distilled water. The results were reported as the percent of inhibitory activity of the enzyme [30] .
α-Glucosidase activity assay:
α-Glucosidase from brewer's yeast was obtained from Sigma Aldrich Chemical Co. (USA). Then 20 μl of α-glucosidase were mixed with 200 μl of the test compounds in 50 mmol of phosphate buffer at pH 6.8. The reaction mixture was incubated for 5 min at 37 o . 200 ml of para-nitrophenyl-α-D glucuronide and 50 ml of phosphate buffer were mixed and the reaction started. The mixture was incubated at 37° for 20 min. Acarbose was used as the positive control. The reaction ended upon the addition of 500 μl of 1 M sodium carbonate. The final volume was 1500 μl. The absorbance was recorded at 405 nm [31] .
Glucose uptake assay:
Beta-TC-6 pancreatic cells were settled at a density of 1.5×10 4 cells/ml in a plate at 37° in 5 % CO 2 . They were incubated overnight, the medium was discarded, washed with phosphate-buffered saline (PBS) twice and refilled with 2.5 mM glucose in DMEM without glucose, supplemented with L-glutamine and 15 % (v/v) PBS. The cells were incubated for 60 min at 37° in 5 % CO 2 . The conditioning medium was replaced with 10 mM 2-NBD glucose (Invitrogen) in basal medium. The cells were exposed at 37° in 5 % CO 2 for half an hour. The medium was then removed and the cells were washed two times with . The cells were ultimately stained with Hoechst 33342 nucleic dye for 30 min. Intracellular fluorescence light was observed in the cells at the excitation to emission ratio of 350/461 and 475/550 for Hoechst 33342 and 2-NBD glucose, respectively. ArrayScan High Content Screening (HCS) system (Cellomics Inc., Pittsburgh, PA, USA) was used to evaluate the plates, which were then analysed using Target Activation BioApplication software (Cellomics Inc.) [32] .
Insulin secretion assay:
Beta-TC-6 cells were cultured in a medium, which contained 100 U/ml penicillin, 11.1 mM glucose with 10 % FBS and 100 μg/ml streptomycin. The medium was changed every other day. Each cell was cultured for five days. β-TC-6 pancreatic cells were settled into a plate at a density of 2×10 5 cells/well and grown for a day. The cells were washed two times, followed by incubation for 30 min in Krebs-Ringers bicarbonate buffer (115 mM sodium chloride, 4.7 mM potassium chloride, 2.56 mM calcium chloride, 1.2 mM potassium dihydrogen phosphate, 1.2 mM magnesium sulfate, 20 mM sodium bicarbonate, 16 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid and 0.3 % serum albumin at pH 7.4. Afterwards, the cells were incubated with Krebs-Ringer modified buffer, which contained 11.1 mM glucose for 1 h at 37 o . The contents of the cells were then centrifuged and the supernatants were equally divided and stored at -20°. Mouse insulin enzyme-linked immune sorbent serologic assay kit was used to determine the level of insulin secretion [33] .
Cell viability assay:
According to the instruction provided by Young FM, determination of cell survival was performed using the 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyl tetrazolium bromide (MTT) [34] . The assay was based on the generation of a blue formazan product by the dehydrogenase enzymes found in living cells. Briefly, after incubation of the β-TC-6 pancreatic cells with different dose levels of OL-E and OL-L, cells were washed and seeded in 96 well plates. Then MTT solution added to reach the final concentration of 0.5 mg/ml and after 3 h incubation, the culture medium was discarded and dimethyl sulfoxide was added. Finally, the optical density was detected by using spectrophotometer at 540 and 630 nm. The separate experiments were repeated three times and the results presented as survival percentages compared to controls.
Statistical analysis:
The experiments were carried out in the concentration range of 0-400 μM OL-E and OL-L. Experiments were performed in triplicate and the average and standard deviation were calculated. The results obtained by ANOVA test were analysed by SPSS software (version 19.0) and were then statistically compared with the control group (p<0.05). IC50 and EC50 values for each alkaloid were determined by GraphPad Prism software (version 6.07).
RESULTS AND DISCUSSION
The results showed that 100 µM of OL-E considerably increased the activities of SOD, catalase, and GPx to 22.10, 15.62 and 29.83 %, respectively. OL-L at a dose of 100 µM remarkably increased the activities of SOD, catalase, and GPx to 15.78, 19.56 and 11.60 %, respectively, compared to the control (p<0.05, figs. 1A, B, C). On the basis of the EC50 analysis, there was no statistical significance between studied derivatives (figs. 1D, E, F). and 73.5 %, respectively, compared to the control (fig. 4B ).
Fig. 2: Oleracein E and oleracein L effects on oxidative stress levels (A and B) Malondialdehyde and dityrosine levels in β-TC-6 pancreatic cells as μM/g of protein after 24 h treatment with different levels of OL-E and OL-L that determined by the optical absorbance measurements, (▬□▬) control, (▬•▬) OL-E, (▬■▬
The effects of two studied tetrahydroisoquinoline on the viability of β-TC-6 pancreatic cells with MTT assay are presented in fig. 5 . Any significant cellular toxicity was observed in the low to moderate dose of studied compounds. At concentrations higher than 100 μM, both OL-L and OL-E could decrease cell survival (p<0.05) and there was no difference between them in this respect. There was no statistically significant difference between OL-E and OL-L Portulaca oleracea was known as an effective and safe complementary therapy for DM without any hypoglycemic, hypolipidemic and insulin resistance side effects [20] . The suppression of hyperglycemia, diabetic vascular inflammation, and prevention of the diabetic endothelial dysfunction have been demonstrated with aqueous extract of purslane [35] .
Phenolic alkaloids, including OL-E and OL-L as a remarkable class of antioxidants in purslane [36] . In the current study, the effects of 0, 50, 100, 200 and 400 μM concentrations of OL-E and OL-L on the activities of antioxidant enzymes, oxidative damage biomarkers and antidiabetic index levels on β-TC-6 pancreatic cell line were studied.
Persistent oxidative stress is related to DNA damage and disrupting of pancreatic islet β cell mass, glucose toxicity, and it has been considered as central mediators of insulin resistance [37] [38] [39] . Data obtained in the present investigation confirmed that both OL-E and OL-L up to 100 μM concentrations almost equally increased SOD, catalase and GPx activity in a dose-dependent fashion and on the contrary, MDA and DTY were reduced. But the concentrations above 100 μM, did not have such an outcome.
Several reports suggested that oxidative stress is noticeably reduced by phenolic alkaloids [16] . A study on superoxide anion scavenging activities in oleracea showed that the extract of this plant possessed superoxide scavenging activities [40] . In line with this study, several investigations were performed to study the effect of purslane on different organs. The administration of this plant inhibited oxidative stress response through the MDA reduction in liver and kidney [41, 42] . Furthermore, Portulaca oleracea prevented hyperglycemia by reducing the oxidative stress and inflammation in streptozotocin-induced diabetic rats [43] .
Some experimental results showed that full-grown plants of P. olerecea had higher antioxidant activities compared with the plants at the immature levels.
In other words, the antioxidant activities of mature Portulaca olerecea improved over different growth stages [44] .
Phytochemicals with the ability to delay or prevent glucose absorption can be considered as a potential candidate for the management of DM [45] . α-Amylase is involved in the cleavage of long-chain carbohydrates and α-glucosidase breaks down starch and disaccharides to glucose [46] . They help in intestinal glucose absorption and inhibition of them can significantly decrease the postprandial blood glucose after a mixed carbohydrate diet [46, 47] .
In the current study, it was observed that carbohydrate digestive enzyme inhibited with both OL-E and OL-L in a dose-dependent manner although, OL-E was a stronger inhibitor of α-glucosidase. The investigation of the inhibitory activity on α-glucosidase was carried out by studying the stem and leaves of five ancient herbs. The plants studied showed various antioxidant and α-glucosidase inhibitor activities.
Lee et al. demonstrated that Neptunia oleracea may be recommended as a natural antioxidant and antidiabetic compound used to treat DM [48] . Also, α-glucosidase and α-amylase enzyme inhibitory effects of Andrographis paniculata extract have been studied by Subramanian and co-workers [46] .
Present data revealed that moderate concentrations (100 μM) of OL-E and OL-L had a positive effect on insulin secretion. Also, high concentrations of studied compounds (200 μM and higher) increased glucose uptake with β-TC-6 pancreatic cells. Purslane has been reported to decrease the blood sugar and cause insulin secretion by restoring the impaired pancreatic cells in diabetic rats [49, 50] . The hypoglycemic effects of Portulaca oleracea L make it useful for the treatment of diseases such as DM [49, 50] . Essential alkaloids derived from purslane can directly correlate the antioxidant activity of the enzymes and antidiabetic indicators given the relationship between antioxidant activity and antidiabetic indication. This plant could be suggested for future studies as a decent supply of nutrition, which can protect the body, due to its high alkaloid content.
Finally, it was demonstrated that the low dose of oleracein derivatives (in the range of 100 μM) does not have any considerable cytotoxicity. Unlike the tumor cells, some other studies have even shown the cytoprotective properties of OL-E on dopaminergic neurons and adipose cells [51, 52, 22] .
The results of the present study showed that moderate concentration of both OL-E and OL-L tested as phenolic alkaloids in β-TC-6 pancreatic cell line reveal potential antioxidant and α-amylase and α-glucosidase inhibitory properties. Oleracein derivatives were different in their bioactivities and the study exhibited that OL-E could be greater contributors than OL-L to the α-glucosidase inhibition activities. The results proposed that oleracein compounds are the considerable contributor capabilities to the antioxidant,
